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PHYSICAL EXPLORATION FOR URANIUM DURING 1951 IN
THE SILVER REEF DISTRICT,
WASHINGTON COUNTY, UTAH

B‘y Frederick Stugard, Jr, : ;

ABSTRACT

During 1951 a joint exploration program of the most prcmising
uraniferous areas in the Silver Reef district was made by the U. S,
Geological Survey and the U. S, Atomic Energy Commission, A U, S, Bureau
‘of Mines drill crew, on contract to the Atomic Energy Commission, did
- 2,450 feet of diamond drilling under the geological supervisieﬁ of the
U, S, Geological Survey, The purpose of the drilling was to delineate
broadly the favorable ground fof commercial development of the uranium E
deposits, Ten drill holes were located around Pumpkin Point, which is the
northeastern end of Buckeye Reef, to prd‘be for extensions of small ore
. sheetwgined on the Point in fine-grained sandstones of the:Chinle
formation, Three additional holes were located around Tecumseh Hillr to
probe for extenéiens of the small showings of m’aai‘tﬁnwboaring rocks ;:f
Buckeye Reef, | ,

Only one trace of uranium mineral was detected in the 13 drill holes
by logging of drill cores, gamma-ray logging of the holes, and analysié
of many core splits from "favorable" lithology. Extensive traversing
‘with Geiger coumters throughout the district and detailed geologic
mapping of areas on Buckeye Reef and on East Reef indicate that the chances
. of discovering significant uranium deposits in the Silver Reef district are

very poor, because of: highly variable litholegy, closely faulted structure,



and obliteration of the shallow uranium-bearing lenses by silver mining,
Most of the available ore in the district was in the Pumpkin Point area
a.nd has been mined during 1950 to 1953, No ore reserves can be cempatefd
for the distriect before further development work, The most favorable
rmining area in the district is now being oxglorod by the operators
with Atomic Energy Commission supervision,

TINTRODUCT ION

The Silver Reef mining district (fig, 1) formerly kmown as the
Harrisburg d_istric*t: is near Leeds, about 17 miles north of St, Greorge,
in Washington County, Utah, The district includes part of T, 41 S,, R,
13 and 14 W, (Salt Lake base and principal meridiam); it is easily .
accessible by unsurfaced roads from Leeds, which is on U, So ﬁighmy /910
The nearest purchasing depot for uranium ore is at Marysvale, about 163
miles by road from Leeds,

The uranium deposits that were investigated are near abandoned
silver mines and prospects in sandstonesb of the Chinle formation of late
Triassic age, As shown by Butler, et al, (1920), Ball (1920), Dbbbin (1939),
and Proctor (1949, 1950), the Silver Reef distriét is on the nose of the
northward-plunging Virgin anticline, The anticline has been breached by
faulting and erosion; weathering has developed hogbacks, known locally as
reefs, of Shinarump conglomerate and sandstone members in the Chinle
formation, both of late Triassic age, The Buckeye and White Reefs on the
west 1imb of the Virgin anticline, and East Reef, on the east limb of the

anticline, are prominent features of the district,
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Bisce‘very‘ of silver ore in 1873 resulted in the formation of the
ngrigb‘nrg mining district in June 1874, The name Silver Reef wag soon
applied to the new district, Among the Parrusit Indians there grew within
a few years a mining camp of 1,500 men, who sought the wealth so ne@r 't-_he
sui'face and brought a new word into the language = “chloridcr?l’; : Silver
chloride was found as an ore mineral in sandstones for the first :Ejzgo at
Silver Reef, ‘ |

About 7,200,000 cunces of silver, valued at about $7,800,000, were
prednced from the Silver Reef district between 1875 and 1909, The ore
m;nml was cerargyrite (silver chloride, "horn silver”) that impregnated
sandstone beds or "reefa# oi In 1881 the presence of u'ranim minerals in
“the silver workings was ‘fiwst recorded, Geologic attention was soon
di‘i‘-ee‘hed' to the district because of the unusual mineralogy of the silver "

deposits,

Previous geologic reports on the Silver Reef area include tﬁe reports
made during silver mining operations (Rothwell, 1880 and Rolker, 1881), an
account by Butler and Heikes (Butler, et al, 1920), an unpublished company
report by Crame (1920), an mapﬁ%lishéd g;ologic map and report by Sidney
Ball (1920), and a district study ‘by Proctor {1948), The early reports, by
Rothwell and Rolker, give detailed information on the silver ore occurrences .
no longer availgble for observation, Butler, et-al, (1920) described the
geologic occ‘ﬁrre‘nce COf the ore, the total production and the history of the
now. ghost district, Crame (1920) made a company report on ore reserves in
the distﬁct and speculated on origin of the metal ores, Ba]i (1920)



I -

served as a consulting economic geologist for the company holding most

of the properties in the ghost district, and made the first map showing.

the topography, stratigraphy, and most of the mine workings of the district,
Proctor in his dissertation (1949) made a detailed study of the sedi-
mentary rocks; his geologic map of the district, prepared with the use of
aerial photographs, indicated for the first time that the multiple “{eefs"
of the district are pro‘éabiy one "reef" with repeated outcrops due to
thrust faulting, A complete bibliography of previous contributory

articles is given by Proctor (194“2, .P. 163167}, '

More recently ﬁnpu‘blished reconnaissance reports have been made on
uranium potentialities of the district for three government agencies
(Smith, 19463 Towle and Anderson, 1950; Stugard, 1950; Wyant, Stugard,
and Kaiser, 1950; Everhart, 1950), Recommendations for physical
exploration of the_;iistrict for uranium were presented after further

sampling of ursnium ore showings (Stugard, 1951) by the Geological Survey,

A joint exploration program by the U, S. Geological Survey and
he DSvistak of Riw SaterSals of the Atemie Musrgy' Commisaion san
hon#nenced in May 1951 to delineate broadly the favorable ground for
commercial development of the uranium deposits that had been studied
briefly in earlier reconnaissance (Stugard, 1951), Gool§gic mapping and
the location ;.nd logging of drill holes was done by.the U. S. Geological
Surveys diamona,drij.ling was carried out by a U. S. Bureau of Mines drill
crew on behalf of the Atomic Energy Commission., Field work in the area

was completed in December 1951, This report summarizes results of the
diamond drilling, ‘ ’
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The cobperation of Messrs, C. C. Towle and T. P. Anderson of the
Atomic Energy Commission is gratefully acknowledged, as is that of all
Bureau of Mines personnel imvolved, Mr, R. W. Brown of Western Gold
Mines Inc,, has kindly permitted use of private reports on the distriet,
Most samplgs were prepared and amalyzed in the Demver Trace Elements
laboratories of the Geological Survey; several minerals were identified

in the Washington Trace Elements laboratories of the Geological Survey,

Four claims were investigated by sinking 13 diamond drill holes
(fig, 2) to an average depth of 189 feet (figs, 3 to 7), the shallowest
hole being 109 feet, the deepest 329 feet, Core samples were spii"h and
analyzed (1) wherever uranium minerals were noted, (2) from zones that
yielded abnormal radicactivity in the hole or in the core, and (3) from
zones lithologically similar to other beds :‘i.za, the district that contain
uranium, vanadium, silver, or copper,

. Gamma-ray logs were made of holes SR;I through SR-6, and SR=9 through
SR-13, Holes SB=7 and SR-8 were blocked by caved material before the
(‘logging apparatus arrived at the site, Scanning of all cores with a
Geiger-Mueller counter provided an almost complete check of the gamma-ray
data on the holes inasmuch as the overall core recovery in bedrock was
90,6 percent (table 1),

Figure 2 shows the locations of diamond drill holes SR-1 through
SR-13, 1In each completed hole a standpipe was set in concrete, to mark

the location for future reference,



Table 1owaoremrec@7§rfy in drilling program

at Silver Reef district, Utah, 1951;

Hole Depth of hole Dgpth to bedrock Core regqvery.in bedrock

(feet) (feet) percent)
SREY - meEMS iR 81.9
SB-2 © 135.20 ‘ 3,9 964
SR-3 123,60 16.0 . 9T.0
SR-1; 109.5 21,7 96,1
SR-5 139.7 18.0 96,6
SR-6 121.2 37.5 ' 99.8
. SR=7 3:61;»2 ’ : 79.75 794
SR-8 197.05. vh?oQ' - | ‘ 911»6"35-'
SR=9 203,35 59.8 96.5
SR-10 128,5 37.5 91.1
SR-11 237.8 L g TR o
SR-12 329.14 43.0 9.6
SR-13 302.1 22,0 L

Average bedrock core recovgry for 13 hcles s 25454.79 fee'h, of drilling
(2010 1k feet of’ bedrock) was 90,6 percent,
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The first 10 drill holes around Pﬁmpkin Point (fig, 2) were located

to probe for extensions of known ore shooﬁs;"r%he three holes around

Tecumseh Hill were planned to prospect for contimuations of Buckeye Reef,
on which showings of uranium minerals occur im the vicinity of old silver
©

/
workings, No holes were drilled on White Reef or East Reef,

PROPERTIES INVESTIGATED

All the eilver and uranium ore produced from the Silver Reef cli.s‘t;r:i.c“t'.9
_has*come from sandstone beds, or "reefs", chiefly White Reef, ﬁuckeya
 Reef, and Tast Reef (Proctor, 1949; Stugard, 1951), The 1951 exploration
was largely directed at the exploration /qf the northern end of Buckeye
Reef ;in the vicinity of Pumpkin Point (f:?’:go 2), the only‘area in the
district wl:zére mining has been dons for ﬁr’;a;i%imﬂrather than silver, Three
diamond drill holes were put down on other parts of Buckeye Reef in the
Tecumseh Hill area, Exploration in the rest of the district consisted of
a ;;;iioa:ctivﬂy reconnaissance of White Reef and geologic mapping of areas

iaf known uraai‘tm occurrences on East Reef,

' Buckeye Reef

The curved line of Bucke&e Reef is generally outlined by patented
claims shown in figure 2, namely the California, Savage, Kinmer, Storm
King, Tecumseh, Silver Flat, Coolidge, Silverman, Chloride Chief, and
'.'S:irlver_ Point claims, ‘ Water in irrigation d:ﬁ:ches flows within several
hundred feet of most of Buckeye Reef, i

L B
SRE T



- Location and ownership

The Chloride Chief, Silver Point, Silver Flat, and Manhatton claims
were explored in 1951, These patented cla:ms were controlled by Mr, Alex
Colbath of St, George, Utah, until his death im 1952, although it is .-
understood that sale of the properties was in ‘progress at that time to e

Western Gold Mines, Inc., 42 Broadway, New York 4, New York,
Geology

The 1ithology of the Pumpkin Point area is represented ip figures
'3 through 6, and the geology in figure 8, Pumpkin Point is bounded bn
the south by @ normal fault marked by a fault-line scarp, The area is
underlain by a northerly dipping saqﬁeﬁgxe of very fino-gra:ined saiadstcneég
siltstones, and lenses of clay-pebble conglomerate and unwnsolidétod i
dlaysg north of the area these rocks are covered by alluvium, The clayey
materials contain casts and scanty carbonized ,remaiﬁs of piants of .
Triassic age, Outcrops of the sandstone shé%r prominent cross bedding,
’ "iliﬁips are variable, '

Thin sections from drill cores show that the ,5a‘ndstonevs are qlmbst .
entirely composed of quartz with interstitial calcite, The quartz é'mins
normally range from 0,06 mm to 0,16 mm across, Extreme grain size ranges
4 tiotec‘l\ire 0,04 to 0,32 mm, Very minor quantities of clays, organic
material; microcline, plagioclase, muscovite, tourmalines, zircon, magnetite,
Vﬁomp.trita, and leucoxene were noted in thin sections. OCpre from the lower
'part of’ ﬁ;'i]l}%mle_ SR-11 displays gypsum veins, Slides of the this
° limestone and chert beds from 227-foot depth in SR-11 show both of these ;

rocks’ to be microcrystalline replacements of the original sandstez;@g

o
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The Tecumseh Hill extemsion of Buckeye Reef is bounded on the east
by & fault (Proctor, 1948), -Prior to diamomd drilling, it was assumed
that the total displacement on ‘:ﬁhe fault was only several feet, the |
d¥splacement observed in an abandoned shaft on the Silyer Flat claim,
However, drill hole SR-11 s Dotttk 237,,811'&&’%3‘1%011% cutting the
reef-forming sandstone at the anticipated shallow depth, At 226.8 feet,
the drill cut the fop of a 0,5-foot layer ei’ replacement chert and lﬁwtoneo
This layer can be used as an horizon markari'.‘as it crops out at approximately
100 :feet above the sandstone 800 feet to the south of SR-11, The dip of
the horizon marker, measured at the surface, is-about 16°-N, "It is
probable that on the east s;lde of the fault in question, the horizon
marker dips evenly about 169 from its outg:r;};p northward past SR-11, where
the horizon marker is 227 feet down, On the wést— side of the fault, the
dip is eastward and the sandstone beds are a topographic high (Tecumseh
Hill), This indicates} that the dropped block east of the fault along the
base of Tecumseh Hill has undergone a seissors—li‘ke movement, with the
hingeline at the south enmd, and that the reef-forming sandstone is 330 feet
below the surface at SR-11, Further north, near the end of Tecumseh Hill,
the reef-forming sandstone is probably cv;sr 500 feet below the surface,

The fault observed in the abandoned shaft on the Silver Flat claim can'only

be a minor plane of movement in the main fault zone,
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Ore deposits

Carnotite, K5(U0,)5(V0,)s 3H,0, is the only uranium mineral that has
'belen i-dém;ifigd}fromr the Pumpkin Point area, Uranium may be present,
however, in volborthite, Cus(VO )2038,0, and in the small quantities of
unidentified black vanadium compounds which discolor the uranium-bearing
sandstones, The- carnotite and the more abundant velborthi’i;e (?) occur
(1) as coatings on plant fossils vlyi_ng along bedding plane#, (2) as 1§ca1
disseminations, and (3) as coatings on near-surface fractures, =

Uranium-bearing rock is usually of a darker gray hue than th? barren
sandstone, The color difference may be due to unidentified vanadium
minerals, The ratio of V305 to" U0 content of the ore produced is 6,4

to 1,

-

Previous workings (Doyle shaft)

¥

Abandoned silver mines and prospects, many caved or backfilled, ale
mmerous in the Tecumseh Hill area of Buckeye Reef (fig, 2); the 1ack“ef
_information as to the position.and extent of the underground workings made
diamond drillimg #n that area unfeagible, In the’fimp}dﬁ Point area of V

Buckeye Reef (fig, 8) ther-e‘ are 'fh;'ee a‘bandoned;:fsilyifr prospects s the
Doyle Shaft workingg\-;and two, éhailow unnamed shafts, approximately 300
feet north of the Dcyie Sharto The wes‘tein of, the tm? shallow shafts is
now part of the No, 5 Uranium mine, The only ﬁter encountered in any
worklngsin the Buckeye Reef is a few feet in the 1§mst winze of the

Doyle workings,
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Production record :

Figurq 8 shows the extent of uranium mine workings to Septe;nbieril%j‘.;
the workings on _Pumpkin Point are the only workings in thei entire district
mde for uranium, The prodn¢tion of urggim and vanadium has come eﬁtirely
from No, 4 mine (fig, 8),:%o, 1 mine, No, 5 mine, and since 1951 from
Western Gold Min_es wozikii;gs not shpﬁno Fagh recorded shipment represented
ore from two or more pi‘tss;9 except for the first shipment in April‘19509
vhich came entirely from No, 4 mine after very careful hand sorting.,

Total production of uranium ore from the Silver Reef district has been a
~ few hundred tons, j :

There is no record of any silver p:oduction,frem the Pumpkin Point
area, including the Doyle shaft, The uranivm-vanadium production from
'Pumpkin Point was by a former 'lessee?' Frank Willis of Leeds, Utah, by
successive sub-lessees--Frank L, Morgan of Springville, Utah, and-.
Flpr‘encita Mining Company of Salt Lake City, Utah, and since 1951 by
Western Gold Mines, Inc, e ot R .

The Tecumseh Hill area supplied better than ome half of the known
7,200,000 ounces of silver produced between 18'?5 and 19093 there has

been no production since 1909,
1951 govermment exploration program

Colluvium was bulldozed off bedrock in 9 areas on ‘Pumpkin Point, in
an effort to find additional exposures of uranium minerals such as led to
the 5 workings put down by the operators, No abnormal radiocactivity and

no uranium minerals were exposed by the bulldozing,
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Dismond drill holes SR-1, Ly =5, =6, and =7 me gk 9@ in
selected spots to search for contimatfons of the uraniun ore lenses
?WP& duri.ng opemtion'or'yoo 5 mine by lessees, Drill holes SB-2, g
and =10 were located to probe for possible extensions of the.org ‘bodj_” .7 :
mined ‘by the operators in No, 1 mivn?;n Drill holes SR-8 aaﬁ&RzQwere sunk
- to search for possible down-dip or down-plunge extensions 6f “ @19 low

- grade showing of uranium minerals in the southwest end of the Doyle Shaft

. Workings (fig, 9). Drill hole SR-11 was put down to ox;ﬁ.ere the sandstone ™
"‘thn.t forms Tecumseh Hill and was located approximately 200 feetr east of the
area of abandoned silver mives and prospects,

| . Analyses of all core-splits shown on the logs are given in table 2,

No visible uranium minerals were found in any hole extept SR-, where
&ﬁotite was observed on plant fossils and in sandstone from 42,95 to 43,30
feet, - 7 )

Diamond drill holes SR=1 through SR-6 were checked with Geological
Survey gammwr;.y dogging apparatus, The results in "counts per mjimute"
(¢c.p.m,) are entered directly on the core logs (figs, 3 through 6) AP
wherever readings greater than normal background were detected. In general,
100 to 200 @,{;)oma is normal i:ackgrotmdg less than 500 c,p.m, is.not
significan%g'SOO to 1,000 c,p.m, represents "weak mineralization";-1,000
to 10,000 c.p.m, represents “&tron,é\mineralization@ , and more than lﬂgQOG
 €.pom, would represent "yery strong mineralization", -Im:diamond d:ill holes
| SR»?,) SR-8, SR=9, and SR=10, a handmope}ated gamma~ray probe showed no
abnormal ndiioac‘t&vityitaﬂs feet from surface, Corresponding drill cores
- showed no abnormal radioactivity,



TABLE 2—-ANALYSES OF DRILL CORES |

 Field
number

FS

FS

FS

FS

FS

FS

FS

FS

FS

FS

FsS

FS

FS

FS

FS

FS

FS

Laboratory

number

Drill core sampled

THROUGH

Equivalent
uranium
(percent)

13, SILVER

Uranium
(percent)

REEF DISTRICT,

V20
( pecmnt )

Ag
(oz. per

WASHINGTON COUNTY, UTAH.

Cu
ton)

(percert )

Mineral identification

1-51

2-51

3-51

4=51

6-51

7-51

8-51

9-51

10-51

11-51

18-51

19-51

20-51

21-51

22-51

26-51

27-51

28-51

29-51

30-51

FS 31-51

FS 32-51

FS 33-51

FS L46-51

FS 47-51

FS 48-51

¥5 49-51

FS

FS

FS

FS

FS

FS

FS

FS

FS

FS

50-51

51-51

52-51

53-51

54-51

56~51

57-51

5e-51

29=51

60-51

511891/

s1190%/
s1191Y/
51192/
51193/
51194/
s1195Y

511964/

51197/

51196/
s1198Y/

s1843%/
51802/
518152/
518462/
s18472/
s17157
s17463/
s17u72/

517483/
517493/

517502/

51751/

517528/
528634/

528614/
528654/

52868k/
53136&/

531378/
53138/

53139/
531408/

R e

I R

Radicactivity by Furman;
Radicactivity by Furman;
Radioactivity by Fuman;

Radioactivity by Furman;

Radiocactivity by Furman;

Drill hole SR-1, 52.2 to 55.2 feet.
Very fine sandstone, dark yellowish-
orange.

SR-1, 117 to 117.5 feet. Mudstone,
dark reddish-brown.

SR-1, 119.1 to 120.3 feet. Siltstone,
grayish red.

SR-1, 143.3 to 143.7 feet, Siltstone,
grayish red.

SR-1, 174.5 to 175.7 feet. Siltstone,
dark reddish-brown.

SR-2, 116.3 to 116.8 feet. Siltstone,
dark reddi sh-brown.

SR-4, 42.95 to 43.30 feet. Very fine
shaly sardstore. Black, paper-thin
layers of plant fossils with malachite
and carmotite stains.

SR-4, 41.90 to 43.40 feet. Very fine
sandstone including the shaly layer
sampled in FS-7-51.

SR-4, 54.8 to 59.8 feet. Very fine
sandstone, pale yellowish-orange,
54.8 to 56.4; same with black plant
remains, 56.4 to 57.0; sandstone,
pale yellowish-orange, 57 to 59.8.

SR-5, 102.8 to 103.9 feet. Mudstone,
grayish green.

SR-5, 82.5 to 86.5 feet. Mixed
samd stone and greenish-gray clay
blebs.

SR-7, 124.9 to 125.9 feet. Yellowish-
gray sandstone with 3 percent
greenish-gray flat clay pebbles.

SR-7, 146.8 to 147.5 feet. Very fine
sandstone, yellowish-gray with
parting of fossils.

SR-10, 67.35 to 67.8 feet. Very fine
sard stone, pale yellowish-orange
with 20 percent hard clay pebbles.

SR-6, 87.7 to 91.5 feet. Very fine
sandstone with 50 percent clay
pebbles.

SR-8, 185.25 to 186.5 feet. Very fine
sandstone with 60 percent red, brown
and purple clay pebbles.

SR-6, 64 to 64.3 feet. Very fine
sandstone, grayish-orange, with
malachite.

SR-6, 64.3 to 65.3 feet. Very fine
sandstone with traces of copper
carbomte.

SR-6, 65.3 to 65.95 feet. Sandstone
grayish-orange, with black plant
remains.

SR-8, 92 to 94 feet. Very fine sand-
stone with partings of micaceous clay.

SR=-8, 110 to 113.5 feet. Very fine
sandstone, pale red and grayish-
yellow.

SR-9, 72.9 to 76 feet. Very fine
sard stone, yellowish-gray and pale
red.

SR-10, 50.9 to 61 feet. Very fine
sandstone, yellowish-orange and
gray.

SR-10, 68 to 70 feet. Very fine
sandstore with several clay pebbles.

SR-12, 195.9 to 197.2 feet. Very fine
sandstone with parting of micaceous
clay.

SR-12, 211.1 to 215 feet. Very fine
sandstone, light gray, fractured.

SR-12, 224.4 to 226.5 feet. Mudstone
with internal slickensides. Radio-
activity six times background.

SR-12, 226.5 to 230 feet. Sand-
stone and clay pebble conglomerate.

SR-12, 316.08 to 318.5 feet. Very
fine sandstore, yellowish gray with
orarge spots.

SR-12, 55.7 to 56.2 feet.

SR-12, 99.5 fo 100 feet.

SR-12, 322.2 to 323.2 feet.

SR-12, 216 to 219.4 feet. Very fine
sandstone, light gray, fractured.

SR-13, 114 to 115.8 feet. Very fine
sardstone, yellowish-gray,
saccharoidal.

SR-13, 117 to 120 feet. Very fine
sandstone with greenish-gray clay
pebbles,

SR-13, 150.1 to 153 feet. Argill-
aceous sandstone; very finely
cross bedded from 152.6 to 153 feet.

SR-13, 160.5 to 164.4 feet. Very
fine sardstore, light greenish-gray.

SR-13, 165 to 17C.L feet. Very fine
sard stone, pink and gray, with 50
percent clay, dark reddish brown and
dusky yellow green.

X-ray by A. D. Veeks.

0.003

.052

014

.004

.002

.002

.015

cremis try by Horr, Miskowiec, Skinner.

chemistry by Boyes, Horr, Skimner.

0.003

049

014

clemistry by Boyes, Dufour, Horr, Skinner.

chemistry by Boyes, liorr, Skinner, Wahlberg.

A

chemistry by Appling, Stevers, Mountjoy, Vahlberg,

0.16

.04

.04

0L

.04

52

.56

Ol

.04

.04

0L

1.16

.02

.02

.02

.02

inner.

0.56

Trace.

.56

Trace.

Trace.

Trace.

Trace.

1.06

1.03

7.62

Trace.

Trace.

None.

None.

Trace.

Trace.

None.

None.

None.

Trace.

42

L6

Trace.

.76

0.06

.03

.04

.03

.04

1.08

.13

ik

None.

None.

None.

None.

None.

None.

.01

None.

None.

None.

12

None.

Mudstore contains hydromica
(illite) and montmorillonite.

The siltstore contains hydromica
(illite), montmorillonite, and a
little kaolinite.

The mudstone contains hydromica

(illite), montmorillonite, and a
little kaolinite.

@0

GPO 830647



Samples of fossiliferous s?ndstone and shaly material coated with -
carnotite have in recent years @een collected by several geologists from
the dump of the Doyle shaft, Dbring/the 1951 exploration program, the
man-way was repaired and the wo}kings were carefully explored to find the
source of the radiocactive mater%“iale As indicated on figure 9, the only
radiocactive material in place i% a lens of shaly material about a foot
across, containing black plant }emainsg found in the western end of the
wofk&ngs. The air near the weakly radiocactive lens contains sufficient
radon to cause high readings onia Geiger-Mueller rate meter, A channel
across this lens, sample FS 25m51>assayed 0,012 percent eU, ,012 percent U,
0,87 percent V2059 0,60 percentiCﬁg and 7.40 oz, Ag per ton, Drill holes
SR-8 and SR=9, placed 150 feet gwayg down=dip and down-plunge, show that
the lens is very small and is ngt closely accompanied by other radioactive
lenses, The most important resﬁlt of the mine mapping was the clear
representation of the smallmseaie lenticularity of the favorable beds,

The data obtained from the closely spaced drill holes around the base
of Pumpkin Point indicate that ?f any uranium ore shoots are present beyond
ithe base of the hill they are sbarse and of small width, The crossbedded,
lenticular habit of the sandstoﬁe in these deposits prevents any inference
of ore bodies beyond what is in sight, No uraniferous rock of marketable
grade remains in surface exposu}reso

Autunite has been reported by Rolker (1881, p, 24~26) to oceur at the
lost "Gad Shaft", As quoted byiBuilerg et al, (1920, p, 590) Rolker states:

"As. apother matter of interest I found the seams, in
which the vegetable remains are covered with autunite,
which i§ quite frequent around the Gad Shaft, and the

two carbonates of copper, unproductive, with pay seams,
frequently above and below them,

i‘This mineral is possibly carnotite,”

3
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No autunite has been found in the district by the writer, An old claim
plat of the Buckeye mine on a scale of 1 inch to 20 feet was kindly
supplied the writer by H§stern Géld Mines, Inc., in 1951; on this plat
are shown "Gads Shaft No, 1" and.“Gadsishgft No, 2%, This area on the
Buckeye Lead patented claimr(ﬁigoiZ) on Buckeye Reef was closely examined
in the autumn of 1951 but no uranium minerals or abnormal radioactivity
“~were found, No mention of uranium minerals was found in existing copies

of the Silver Reef newspaper (Silver Reef Miner) for 1882,
Mining since 1951

From April 1952 to the present (May 1953), Western Gold Mines,Inc,,
has mined Pumpkin Point for uranium, Two new adits have been made near
the No, 5 mine; these new adits are nctrshown on figure 8, queval of
roek has been guided by closely spaced wagon drill holes, Wherever ore
has been cut by the wagon drill, the spacing has been made closer for
surrounding holes, Ten-foot spacing of the holes formed the lenses or po&s
of ore, and five-foot spacing of holesvdelineated successfully the pods
as they were mined, Ore along near-vertical fractures has been followed
out several feet beyond the edges of the ore lenses, The ore mined has
come from the same strata or "favorable horizons® mined in the earlier
workings; the ore lenses are discontinusﬁs and selective mining has
followed exploration by the wagon drillo The largest ore lens mined was
about 60 by 60 feet, and from less than 1 to about 3 feet in thickness,

No ore reserves have been blocked out ahead of current mine workings,
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It ié'impértant to note that the main ore-bearing bed has now been
followed in the No, 5 mine a few feet northward of the workings shown in
. figure 8, and at that point is channeled out, so that the ﬁorkings cut
2lluvium, The problem of finding further ore in that horizon now becomess.

to find the part of the bed notjeroded,

Location 'and ownership

The Leeds Uranium Mine is an open cut immediately north of the village
of Leeds and about 1,200 feet south of the Doyle Shaft, The owner is
Walter C, Eagar of Leeds, Utah, An unsurfaced road from U, S, Highway 91

"leads very close to the open cut,
Geology and structure

The Leeds Uranium Mine is in the outcrop of a block of Chinle
formation, between two northeast-trending fauvlts, The open cut is in
very fine-grained yellowish sandstone in which cross bedding is shown by
the vndﬁlatioﬁs and the pinch-and-swell shape of dark colored layers

© containing carbonaceous matter and sparse casts of plant fossils,

 .Ore.deposits

No ore is in sight at the Leeds Uranium Minej however, the pit walls
show a few partings qf carbonaceous material and films of plant remains,
with ?aint stains of volborthite, Ore examined in December 1950 prior to
shipmen% was mostly shaly carbonaceous‘rock with casts of féssil plants,

-sporadicaily,goated by carnotite and volborthite, The ore lens was
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completely removed from this pit and discovery of nearby lenses would

require physical exploration,
Previous workings

The Leeds Uranium Mine (mot to be confused with the abandomed Leeds
Wines on White Reef) is an open-cut made in 1950, Three small pits
fearby had previously been made by prospectors for silver, No other

workings are in the vicinity,
Produetion record

The only production from the Leeds Uranium Mine was one shipment om
27 June 1951 of 6,26 tons dry weight (1,5 percent moisture) to the Vitro
Chemical Company buying station at Salt Lake City, The shipment assayed

0,25 percent U30q and 1,44 percent V205 at the mill,
1951 government exploration program

Reconnaissance of surrounding outcrops disclosed mo abnormal
radiocactivity, Channel samples were taken at 10-foot intervals completely
around the open cut; anmalyses of these and other samples are given in

table 3,
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Table 3.--Analyses from Leeds Uranium Mine, Siiver Reef district, Washington County. Utah 1/.

Field Laboratory Equivalent uranium Uranium

number number Material | : (percent) (percent)
FS 79-51 55528 1.4 Y., very fine-grained sandstone, pale 0.005 0.005

yellowish-orange, at southeast corner of pit.

80=-51 55529 3.3 ft., very fine-grained sandstone, yellowish- .003 .001
gray 10 ft. from previous sample,

81-51 = 55530 Lo2 ft., 0.4 clay pebble conglomerate in 002 001
sandstone.

82-51 55531 3.0 ft., pale yellowish-orange sandstone with .010 .003
0.2 ft. plant remains.

83-51 55532 L,0 ft., very fine-grained sandstone, with 022 NoxvA
partings of carbonaceous material.

84=51 55533 3.1 ft., very fine-grained sandstone containing 014 .011

0.2 ft, clay pebble conglomerate.

85-51 5553k 2.6 ft,, very fine-grained sandstone, yellowish- .023 016
gray with carbonaceous partings.

86-51 55535 1.8 ft., very fine-grained sands%onegiyellowish— .021 .004
gray with limonitic staining,

87-51 55536 1.6 ft., clay pebble conglomerate. .001 .001

88-51 55537 1.0 ft., very fine-grained sandstone; pale yellowish-.001 £ 001
orange. Immediately below preceeding sample.

89-51 55538 3.9 ft., sandstone above clay pebble conglomerate -000 <001

bed, 75 ft. from pit.

1/ Analyses for radiocactivity by Furman; chemistry by Meadows and Mountjoy.
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White Reef

White Reef is outlined by the McNally, Wonder, Jumbo, Pride of the
West, and‘ Barbee claims on figure 2, An old access road extends along
the northwest base of the reef, as far as the Cobb mine (Stugard, 1951),
The patented claims covering the entire White Reef were controlled by Mr,
Alex Colbath until his death in 1952, at which time it is understood that
éale to Western Gold Mines, Inc, was in progress,

A reconnaissance for radiocactivity at White Reef was made during the
1951 exploration program, This included examination of most of the workings
in the two mines still safe to enter, the Cobb mine amd the Leeds mine,

The «:mlj abnormal radiocactivity detected in the mines accompanied several
paper=thin films on plant remains in mudstone lenses within the Leeds mine,

Partial analyses of a few grams of black carbonaceous material secraped
* from these plant remains are given in table 4, The analyses show that this
same scanty plant material contains much of the silver that is in the rock,

Tailings dumps from the long=abandoned Leeds amalgamation mill were
traversed and mo abnormal radicactivity was detected, The tailings from
the abandoned Christy mill, sampled a year previously (Stugard, 1951),
showed a uranium content of 0,009 percent,

A few rock chips with carnotite coatings were found by removal of
rotted planks of old-ore~loading platforms near several of the abandoned
and caved silver mine shafts in back of White Reef, These rock chips,
which had fallem through cracks between the boards, contain the only
secondary uranium minerals observed on White Reef, Prospects for significant
uranium discoveries on White Reef are considered poor, on the basis of mine
examinations,
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Table L.--Analyses from White Reef, Silver Reef district, Washington County., Utah. -
Equivalent i
Field Lab, ‘ , uranium Uranium V205 Cu il R
no. no. Material (percent) (percent) (percent) _ (percent) (oz, ton)
FS 23-51 518A8l/ Leeds mine, Scrapings ‘0,078 0,092 : 010 59073 963.32 P

of black film from plant
fossils in very fine-
grained sandstone; this
sample contained visible
malachite as well. Only
several grams of material
available,
| o " 4 .

FS 2451 51849 Leeds mine, Scrapings of 043 +O72 . .07 2,12 55,20
black film from plant ~
fossils in very fine-
grained sandstone. Uy :

;/ AnalysesVfor‘radioaetivity by Furman; chemistry by Boyes, Dufours'ﬁorro




The Hot Rock Noo 5 uraniim prospect (f’figo 10) consists of abandoned,
partly caved mine uor‘kings along a c’liff face; originally worked for

’.""'si‘lver,, the claim was relocated in 1951 for uranium,
Locztion and ownership

Hot Rock No, 1 prospect is in sec, 8 (?), T, 41 S,, R, 14 W, This and
eigh’b adjacent mineral claims were losated im 1951 by H, P, Robison, A, F,
Bo‘bison9 and Harold Huntsman,, ‘all of Fillmore, Utah, No development work
has been performed since 1951, The wvalidity of the claimants’ mineral
rights on these properties is currently in dispute,

Hot Rock No, 1 i3 on top of a steep hill and is relatively inaccessible
as the nearest roadway is more than a mile away, There is no water ne;af the

site,
Geclogy and structure

The Hot Rock No, 1 prospect is on an erosional remnant of down-faulted

reef-forming sandstone of the Chinle formation,
Ore deposits

The ore minerals, carnotite and volborthite, and the host rock afé
typically ;iko that found elsewhere in the distriet, The ore mine‘rals
coat bedding planes, fracture surfaces, and sand grains in small, lenticular
bodies of fine-grained sandstone, Table 5 gives analyses of selected high-

grade material from the workings and the main mine dump,
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Table 5.,--Analyses from Hot Rock No, 1 uranium prospect, Silver Reef disﬁri@tllf Washington County. Utah.

Equivalent
Field Lab, 7 iR uranium Uranjum =~ V205 . Ag Cu
no. no., - Material analyzed (percent) (percent) (percent). ~{oz./ton) (percent)
FS 34-51 51853 Selected high-grade grab - 0.43 k’} : . 2.66 8,10 1.96
sample from old mine dump, .
FS 35-51 51854 Channel sample across 1.8- 012 012 53 14.58 .38
foot fossiliferous bed in
abandoned silver prospeeto
FS 36-51 51855 Chip sample of brownish’ I 060 ho51 4030 o -]
sandstone in workings, con-
sidered typical in appearance
of much silver ore from the
distri@tor
FS 41-51 52860 Channel across upper 0,7 olsh 059 2,97 5.10 T 0 7 )
foot of radicactive lens
in silver adito
FS 42-51 52861 Channel across lower 0.8 037 2023 67 7.00 .61

foot of radicactive lens
in silver adit,

1/ Analyses by Boyes, Dufour, Furman, and Horr.
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Previous workings

The abandoned silver mine workings at the Hot Rock No, 1 (fig, 10)
consist of two adits and an open-cut which is probably above collapsed
underground workings, The main adit, which is inclined at 30°, is in good |
condition except for the partially caved portal, The entramce to the main
adit has been almost completely collapsed by dropped blocks along the cliff
face, where prospectors had undercut the cliff, For that reason the workings
could easily be blocked by further collapse of loose rock, and are unsafe,
The second adit, about 150 feet northwest from the first adit, is blocked

a few feet beyond the portal,
Production record

No uranium ore, and probably no silver, has been produced from Hot Rock
Ne, 1 mine,

The sandstone that contains the ore minerals is highly lenticular,
crossbedded, well-sorted, and very fine-grained, The local dip is about
359 MW, An east-trending, steeply dipping normal fault separates the
prospect from the main hill to the north, and the Lucky Strike aranium

prospect, The rocks are badly fractured on both sides of the fault,
1951 govermment exploration program

During the drilling program elsewhere in the district, the Hot Rock
No, 1 prospect was mapped (fig, 10) to ascertain the practicability of

further exploration,
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The small ore bodies uncovered in former silver prospecting have mostly
been removed;and only the two pods of uranium-bearing rock that were sampled
(table 5) are in sight at present, The uranivm content of the mine dump was

so low that no bulk samples were taken to determine its average grade,
Lugky Strike claims

The Lu-cky Strike claims had been previously examined, sampled, and ;
reported upon by Stugard, (1951). Later in 1951, the Lucky Strike claims
Nos, 1, 2, and 3 were re-examined for additionsl exposures afforded by
recent bulldozing, It was found that this work had removed most of the
original uranium-bearing pods in "i';hg sandstone at Lucky Strike No, 2 but
had exposed no mew radicactive pods, Therefore, no additional :?szamples
were taken for amalysis, Although it may still be possible to hand-pick
samples of ore of marketable grade, no ore bodies can be expected because
of the local close faulting of the rocks and the abrupt pinching of the

lenticular bodies that conmbtain the ore minerals,

The Vanderbilt uranium prospect consists of the abandoned Vanderbilt

silver property relocated as a uranium-lode claim,
Location and ownership

The Vanderbilt uranium prospect is in the E.1/2 sec. 17, T. 41 S,y R,
13 W, The prospect is in one of the outcrops of sandstonme comprising the
East Reef, the half-buried eastern limb of the Virgin anticline, It is

accessible by unsurfaced road from U, S. Highway 91 at Leeds, The six
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claims in."the Vanderbilt group were located by Waltwe C, Eagar, Leeds, Utah,
and Ira L, Terry, 253 North Second West Street, Provo, Uiah, Water is
available at the Virgin River, 2 miles southward by unsurfaced road, at
small springs a‘bqut 2 miles morthward, and at an a‘béndoned two=compartment
shaft, about 1,200 feet northeast of the main Vanderbilt workings, In
August 1951 this shaft, which is 88 feet deep, had 22 feet of water in the

bottom,
Geology and structure

The Vdnderbilt mine workings are in eastward-dipping ledges of Chinle

sandstone of late Triassic age, t’hg.t crop out from the wind-blown sand
which has buried most of the ridge, The sandstone is undulatory-and cross-
‘ bedded, and consists of two sandstone members or leatils of the Chinle
| formation; the lower a very fine-grained pale yelliowish orange sandstone,

"the upper a very fine-grained red samdstone, The outcrops of red sandstone
have been bleached and changed by weathering processes in irregular areas

to yellowish gray and to dark yellowish orange color, Along the contact
between the upper and lower sandstones lies a thin, irregular layer of o
clay-pebble conglomerate which has been followed downdip by the mine workings
for about 190 feet, The conglomerate becomes more shaly, blacker, and richer
in plant debris south of the ineii;a..@o

Several feet below the first clay-pebble conglomerate is a second, thicker

layer of similar composition, This second conglomerate layer in general, is
entirely within the pale yellowish-orange sandstone, Along the second
conglomeratic layer are mudstone pods 1 to 2 feet thick, 3 to 4 feet long; a
clay analysis from one such pod is given in table 6 (sample FS 44-51),
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Table 6.--Analyses from Vanderbilt uranium prospect, Silver Reef disirict. Washington County, Utah.

Field
L HO e

Lab.
no.

Equivalent ;

uraniym

Material analyzed

Uranium V. Ob Ag Cu
(peruent)(peA.@p :kperoeni;f(z Y 4 mgi, {prroent) Bemarks

FS 38-51

FS 39-51

FS 4051
F$-43-51

FS Li-51

FS103-51

s2857%/
52858L/

528591/
52862L/

661552/

560393/

oy

Selected high grade shaly
sandstone from backfill at
S, entrance to Vanderbilt
mine,

Selected highest grade

‘sandstone from backfill

at S. entrance to
Vanderbilt mine.

Channel across 0,7-foot
radioactive pod in working
face, main room. = °
Channel across 2.5-foot
clay pebble conglomerate
light brown and medium gray.

Mudstone,greenish gray with
internal slickensides,from

pod 2 feet long,2 wide and

1 thick in main room,

Channel across 3,5 feet on

0.47

006

007

last working face, main, - TO0M,

005? <

Tl

023

.007

006

2085 ] -djol.é 2(7!-'»7
3,02 - 6,88 2,00

.81 136,98 2,39
004 A 031

Contains kadélinite
and hydromica .
(illite) in about
equal proportions
and a little
montmorillonite,.

od5 8.82 «19

==/,Analyses fgr radicactiwity by Furman Miskowiec9 Wahlbergg Huffman Horr, Skinner,
2/ X-ray by A, D, Weeks, .
;/ Analyses for radiocactivity by Furman; chemistry by Meadows, Mountjoy.
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uraniom prosvect. Silver Reef d‘i.qjg;:i o§9 Wa,q};j ggon g;gmﬂg Uigh_m()gg;;mgg
,,,,,,,, Crne TRtk ek 5

uranium Uranium V205 Ag Cu ] =
no, 1o, Material analyzed (percent) (percent) (pe‘r’@en"b) ( oz. / ton) (percent) Remarks
FS 104=51 560403/ Channel across 5,1 feet at 0,003 0,003 0,07 2,02 0.25
© upper end, main room,

FS 105-51 560413/ Chamnel across 1,6 feet in 003 ,003 ,08 .70 .92

northwest cormer, main room,
FS 106-51 56@1,23/ Channel across 2,4 feet on 012 012 07 o 40 o 70

east side, main room
FS 107-51 560433/ Channel across 2,3 feet on ,008 .007 042 16,04 1,04

east side, lowest drift, g

FS 108-51 5601;.[..3/ Channel across 7,6 feet at .015 ,015 023 1,46 T 7

S, entrance Vanderbilt mine,
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Ore deposits

Ge:a;-gyrite coatings and impregnations in thin beds of shaly sandstone
constituted the silver ore taken from the Vanderbilt mine, The silver ore
was probably demarcated by use of assays and selection of ¥ favorable=looking
rock"™ because silver-chloride in the rock is often not distinguishable by
eye, The main incline and most of the rooms in the mine were "dead-work" '
performed in order to follow an undulatory, dark gray shaly amd clay pebble
layer several inches thick in which the main silver concentrations occurred,
This layer is mapped in the cross section (fig, 11) as the upper clay-pebble
conglomerate, Very little of the ore-bearing rock is now exposed in the
workings, :

Carnotite and unidentified uranium minerals have been foﬁnd in two
places in the mime; 1) in the uppermost stope, im a dark colored sandstone
lens, and 2) in the roef of the main room of the Vanderbilt mine, in the thin
shaly part of the upper clay-~pebble conglomerate, The uraniferous clay-
pebble coﬁglemem‘te lens contains no visible silver minerals but has a lithology
that has éome to be a typical "silver-ore appearance” for the distriet, anmd
this appraisal ié 'bofne out by the assay returns on random chip samples
(table 6), Analytical results on samples taken by the Geological Survey inm
1951 are given in table 6,

In July 1951, the owner, Mr, Eagar, submitted a selected high-grade
grab sample from the Vanderbilt mine to the Division of Raw Materials,

Grand Junction Operations Office, U, S, Atomic Emfgy Commission and received

the following assay report:

Sample CR=504 1,25 percent 3,50 percent 2,3 percent

This is the highest grade uranium sample known from the mine,
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Previous workings

The abandoned Vanderbilt silver workings are shown in figure 11,
Thgse consist of several »i'néiined shafts and a vertical shaft 10 feet deep;,
Two of the inclined shafts that comnect with a single irregularly mined area
constitute the main mrkinéso 3 ‘1ar§e room in these workings has been
extended southward 4 to 5 feet during current uranimm prospécting by the
owners, Several hundred feet morth of the area covered by figure 11, more

abandoned workings are accessible in another sandstone outerop,

Production record

Butler et al, (1920, p. 586) give the silver production §f the
Vanderbilt mine as 240 tons of $100 ore, The only uranium production was
one shipment by the owmers in 1951 to Vitre Chemical Compawny, _Salt Lake
City, Utah, ofeabout 6 tons of ore, The mill assay of this shipment is
‘belie%e_d to have been 0,13 percent UBOQ" Although sold for its uranium
and vanadium comtemt, the ore is said by the operator to have beem "worth
more for silver than for uranium?®,

1951 govermment exploration program

i 4

A geologic map - sy plane tatle and alidade of the Vanderbilt
uranium prospect (fig, 11), Careful reeonmaissance for radiocactivity and
sampliag of the Vanderbilt mine {table 6) were carried out, and repeated
visits were made to examine new exposures afforded by the shifting of dump
material and some blasting in the main roum of the mine during August 1951,
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The 6 (?) tons of uranium-vanadium ore shipped from the mine in the
autumn of 1951 were chiefly hand-selected mine dump material and contained
only a small part of newly-mined rock, The dump material sorted for the
shipment was from the only part of the mine dump showing abnormal radiocactivity.
Only a few pounds of additional uranium ore is in sight at presemt, in openings
6 and 7 (fig, 11), Although a quantity of ore comparable to that already
shipped may be produced by owners of the mine, the highly lenticular nature
of the sandstone and ‘the clogse faulting of the rock make the prospect for
sigable discoveries poor, Further production will depend upon development

work, as outlined in "Suggestions for prospecting® section of this report.

The abandoned Requa (or Duffin) mine is on & patented claim (fig, 12)
in secs, 19 and 20, T, 41 S,, R, 13 W,, and is accessible by unpaved road,
The mine is 3,4 miles from U, S, Highway 91 and 4,75 miles from Léeds
postoffice, Butler, et al.(1920, p, 586) gives the past silver productién
of the mine as "many hundred or thousand tonz of $80 to $100 ore," During
1950, selected copper carbonate ‘ore from the Requa dump was sold to a copper
smelter, This shipment, with malachite and azurite coatings on most of the
rock fragments, was found by mill assay to contain $3 or $4 worth of gold per
ton, and 3 or 4 ounces oi: silver per ton, as well as 3 or 4 percent copper,

for which payment was received_/,

./ Lavon Beatty, Toquerville, Utah: personal communication,

There has been no uranium production from the Requa mine, although -

several geologists have collected radioactive samples from the mine dumps,
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No abnormal radiocactivity was detected in the vndergrovﬁﬂ workings or
.on the dumps; the underground workings are dangerously near collapse, ﬁﬁring
the 1951 govermment exploration program,s reconnaissance for radiocactivity was
made of all abandoned silver mines and prospects on East Reef, About 500 feet
southwest of the main Requa mine, a room excavated for silver in the cliff
face showed an abnormally radiocactive lens 1,1 feet thick and 5 feet long,
Most of the radiocactive material was presumably removed with the silver ore,
leaving only a foot-wide wall segment of the lems, A chip sample of the A
most highly radiocactive material (FS 37»51) wae analyzed and found to conﬁgin
0,23 percent eU, 0,31 percent U, 1.48 percent V,0s, 8.4 0%, Ag per tom, and
1,20 percent Cu, The ore mineral was principally carnotite, and the chips
of sandstone resemble closely much of the rock mined for uranium on Pampkiﬁ
Point, However, on the basis of what can be seem in the workings and along
the outcrops, no signifi@anﬁ discoveries of uranium minerals near the Requa

mine are expected,
Arizora, Maud, Rough Rider No, 2, Nevada, and Utah claims

These five claims on East Reef are a group of properties known to have
been originally located for silver between 1886 and 1899, at which time

silver ore was being treated at the Stormont Mill less than half a mile away,
Location and ownership

The Arizoma, Maud, Rough Rider No, 2, Nevada, and Utah claims (fig, 13)
were petented in 1925 (Mineral Survey 6849), by Harry lapidaire, Gertrude Getsz,
and Sadie Alexander, of 1924 Grove Street, San Francisco 17, Calif, The claims

egover fast Reef southwestward across secs, 19 and 30 to the Virgin River,
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An unsurfaced road leading from U, S, Highway 91 past the Vanderbilt
mine to the group of patented claims and on to the Virgin River provides

easy access,
Geology and structure

Lithology of the uranium-bearing parts of the Maud and Rough Rider No, 2
cleims is shown in the map and section (fig, 13), The Chinle formation of
late Triassic age underlies the area mapped; thetchinle here dips uniformly
about 30° to the southeast and consists of thinly cross bedded siltstones,
clays, and very fine-grained sandstones, mostly dark reddish brown in color,
Northeast of the mapped area, a lenticular body of limestone auto;broé@ia
is wxposed near the base of the section examined, A few hundred feet southeast
of the mapped area, a gradational boundary separaﬁes the Chinle formation from
the Navajo sandstone, both formations being brownish-red siltstones at this
locality,

Near the crest of the ridge on the northwest side? a sandstone bed crops
out, pale yellowish-orange to yellowish-gray in color,. Thin lenses of clay
pebble conglomerate of olive gray, green, and red colors are associated with
the #nndstone bed, The sandstone bed with contained eléy pebble conglomerate
lenses, contained whatever silver was produced from the claimssland from the

sandstone have come all the samples coated by uranium=vanadium minerals,

Oce deposits
The silver ore mineral in this area is presumed to have been cerargyrite,
as elsewhere in the district, and although none was identified in the workings'

or mine dumps, small quantities of silver were found in assays of uraniferous
samples,



Uranium and vanadium oceur in carnotite and volborthiteg‘feﬁnd as
weathered coatings on mine dump material, No uranium-vanadium minerals remain
in place underground, The sméll size of the workings and the absence of
 wranium—vanadium minerals except on the mine dumps indicate that the minerals

must have occurred in pods of quite small dimensions,
Previous workings

There is an almost contimuous series of open-cut workings and inelined
stopes along the crest of Fast Reef, on the Nevada, Rough Rider No, 2, Maud,.
and Arizona claims, All these workings were made for horn silver ores half
a century ago, Most of the stopes are typified by those shown in figure 13,
and are only about 3 feet high, These steeply inclined stopes are difficult

to traverse and illustrate the cunning of the nineteenth century miners who
by hand methods removed only the thin bed of sandstone and clay pebble
conglomerate containing horn silver, possibly lewbgrade ore at that, In
addition to the open stopes along the ridge top, two adits were cut north-
westward from the road to afford a level haulageway; these later adits never
produced any ore, The sandstones cut in the adit shown in figure 13 do not

correlate with the sandstone mined on top of the ridge,

Production record

There has been no uranium or vanadium production from the l}:rizc)m,‘9 Maud,
Rough Rider No, 2, Nevada, and Utah claims, The silver production from the
Maud claim is given by Butler et al,(1920, p, 586) as $33,986 worth of $30.00
to $100,00(per ton) oreoi Production from the Rough Rider, Nevada,and Utah
. claims is not recorded ana was probably small, It is known that the No, 3
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drift (fig, 13) produced mo silver and none was produced from the

Breisacher Tunnel farther south on the Utah and Maud claims,

\
1951 goverrment exploration program

After careful recomissan@e for radicactivity of all the mine work-

ings in the area, a geoiogic map of the Maud-Rough Rider uranium prospect
(fig, 13) was prepared, 1 This map shows the location of the three dumps
from which radicactive Qamples were taken, The results of these sample
analyses are given in mj‘bie 7, Radiocactive material was also found on a
small mine dump on the Nevada claim, about 150 feet northwest of the

Nevada discovery mommerito The source of dump material is believed to be
& fossiliferous, lent:‘i@wihr sandstone and clay bed found in a nearby mine,
The analyses of a sampie:; from the)dump and from the scurce bed are included

in table 7,

I
|
|

|

SUMMARY OF ‘URA}NIUM RESOURCES IN THE SILVER REEF DISTRICT
: ‘ \ s

Four possible ‘typed of uranium resources have been considered in the
Sil‘vér Reef district: abandoned silver mine workings, mine dumps,
amelganation-mill tail:i:n%gs dumps, and uranium mines or prospects,

Abandoned silver miftnes are mostly dry and accessible, and examination
of these has disclosed sgignifi@ant radiocactivity only in the Vandérbil’t
nine, .The ming-dmnps derived from silver mines are not radiocactive except
for extremely rare hand specimens with scanty carnotite or volborthite :
coatings, The amalgama‘ti;lommﬂl tailings dumps consist of several thousa;:ﬂ
tons of rock flour eon‘ta?ining 0,009 percent U or less, The uranium mines

have exhausted the mimrﬁl showings on which they were located, and very
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Washington County, Utah.

‘Table f.—-Analyses from Maud, Rough Rider No, 2, and Nevada claims, Silver Reef district,

et/ V05 Ag

' Cu
Lab,

Field : ~(per- Uranium (pef- (oz./ (per-
no. N0, Material analyzed cent) (percent) cent) ton) cent)
F& 67«=51‘g/ 5440k Grab sample of only uranium- 0.47 0.92 0.93 3.28
' bearing material from dump of '

No, 4 workings, Rough Rider

No, 2 claim,
FS 68==512/ 54347 Grab sample of only uranium- ohd 259 3,20 34,80 5,76

bearing material from dump

of No. 4 workingsj Maud claim,
FS 69m51§/69223 Grab sample of grass-green o = = = =

erystals scraped from sandstone
fragments, dump of No. 1
workings, Rough Rider No, 2
claim.

1/ eU= Equivalent uranium.

2/ Analyses for radioactivity by Furman ; chemistry by Boyes, Skinner, Wahlberg.

Remarks

Cal0y = 0,20 percent

Yellow green to olive green
mineral forming tiny crystalline
plates is a copper vanadate
similar to volborthite. The
optical properties agree with
those of wvolborthite,:but the
X-ray powder does not match the
standard volborthite pattern.
Qualitative spectrographic
analysis showed major Cu, V, Si,
minor Ba, and a trace of Al and
Mg. This is probably a new
mineral or a different hydration
state of volborthite. Malachite
and another secondary copper
mineral are also present in the-
sample, There is a small amount
of yellow uranium mineral in the
sample, but not enough for -
spectrographic or X-ray analysis.

3/ Analyses for radicactivity by Furman; chemistry by Boyes, Dufour, Huffman, Skinner.

4/ Mineral identification by'J. N. Stitch, E. A, Cisney, M, E. Thompson.
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&L/ T Wabg AR Cu
Field Lab.,  iper~ Uranium (per- (oz,/ (per-
no. no. Material analyzed teni) (percent) cert) ton) cent) . Remarks
FS 7Om512/5h3A8 Channel sample across 20 0,003 - 0.09 T.1li 0,63 Ca003 - 1.9 percent.
feet of south end of stops, ~
No. 1 workings, Rough Rider
No. 2 claim.
FS 74-515/5437L Grab sample of most uramif- .28 .53  1.17 &/ -

FS 77-512/ 56095

/

FS 78-512/56096

FS109-517/56045

5/ Analyses for
6/ Insufficient

erous material in dump from
No. 2 workings, Maud and
Utah claims,

Channel sample across 1.3 ft. o047 .050 oTh 13,16 6,63
bed of fossiliferous, '
malachite-stained sandstone

and c¢lay in abandoned mine

150 feet from Nevada claim

discovery monument.

Grab sample of highest grade .50 059 2,16 16,20 1.29
uranium-bearing rock in

abandoned mine dump, 150 ft.

No 350 W, from Nevada claim

discovery monument .

Maud claim, 160 pound com- .006 .007 009 6,16 .57
posite of 34 grab samples

taken on a 6-foot grid across

mine dump at No, 1 workings.

radioactivity by Purman; chemistry by Boyeso
sample for determination,

Z/ Analyses of radioactivity by Furman: chemlstry'by'MEadawsq Mount joy, Horr, Mallory,
Skinner, Wahlberg.,

%
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little additional ore is in sight, A -dj";amcn& drilling program and

systematic prospecting have failed to disclose further reserves, or to permit
a reasonable inference of any qmnftify of uranium in the ground, Fnrilﬁer
ore reserves may be disecvergd by the wagon drilling now in progress under

Atomic Energy Commission supervision,

Ore deposits

The uranium minerals accompanying tﬁg’silver deposits hgve mostly
been removed during the silver mining operations between 1875 and 1909,
Some of the uranium was discarded with waste rock and some w?s processed
with other impurities in the silver ores.

: The same ore minerals, carnotite and volborthite; are found on
Both sides of the district-wide anticlinal structure, and the liﬁﬁd~
logy of ore-bearing pods is everywhere very similar.” All occurrences
aré in the Chinle sandstone; the Shinarump conglomerate is barren.
Uranium mineralization has occurred locally throughout the district,
both:along'yedding planes and along joints., It is possible that
additioﬂél uranium minerals may be identified by further laboratory
study of the ores., The mined uranium ore shoots on bedding planes have
been consistently unpredictable in shape because of the nature of the
terrestrial facies involved (fig. 9). Former extensions of the upper
ore shoots westward beyond the base of Pumpkin Point have been channeled
out by later stream erosion. No uranium mineral concentration of map-
pable size is now exposed in the Silver Reef district. The largest ore
body mined to date was approximately 60 feet square and 1 to 3 feet

in thickness,
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During 1953, wagon drilling by Western Gold Mines, Inc. on a 10-
foot grid preceded mining on Pumpkin Point. The deepest wagon drill
hole was about 70 feet, and the average depth about 35 feet., A Geiger-
Mueller rate meter was lowered into holes to see what radiocactivity
existed in the holes. In this way the drifts and crosscuts were
guided so as to remove the thickest parts of discontinuous ore bodies,
from 9 to about 20 feet below the surface. As the ore bodies were re-
moved, the wagon drilling was in places done on a 5-foot grid to reduce
"dead work". The ore lenses or pods outlined by drilling were in
several places extended by nearly vertical joints along which volbor-
thite had been redistributedg The ore being the nearly vertical joints
could not be discovered by wagon drilling and had to be followed where
discovered underground, Later mining has followed the same horizon
producing the 1950 and 1951 ore shipments; this horizon has been found
to be intermittently mineralized from the older workings on top of
Pumpkin Point to the base of the hill where it is cut out by boulder-
alluvium., The mining by Western Gold Mines, Inc., removed the ore
féund by wagon drilling on Pumpkin Point during 1952-1953. In May
1953, production continued at a declining rate., A participating-loan
by the Atomic Energy Commission stimulated a program begun in that ;
monég; the area being covered by this drilling is westward from the
present workings toward Big Hill, where thicker strata overlie the

* "favorable horizon®,
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Previous workings

Abandoned silver workings, extensive and admittedly incompletely
mapped (Ball, 1920, map) make drilling or mining operations impractica-
ble over most of White Reef, the Tecumseh Hill area on Buckeye Reef,
and much of East Reef. Examination for radiocactivity of abandoned
mine workings throughout the district failed to disclose significant
radioacitivity, except for small showings in the Vanderbilt mine on

East Reef,
Uranium mines 4

The only mines in the district made for uranium and vanadium
are in the Pumpkin Point area of Buckeye Reef, This area contains the
only extensive outcrops of the Chinle sandstone "favorable" beds that
are not honeycombed by abandoned silver workings. Production during
1950-1953 from the adits and small open pits on Pumpkin Point has
almost exhausted the carnotite and volborthite showings on which the
workings weré located, Ore reserves cannot reasonably be calculated

in advance of more development work.
Mine and tailings dumps

In addition to the numerous mine dumps throughout the district,
tailings dumps remain at the sites of several abandoned amalgamation
mills which treated the silver ores. The periods of operation of the

mills were as follows (Mariger, 1951, p. 87-88):
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Mill: Period of operation - Location

Leeds (5 stamps),. February 1877-1880 Quail Creek gully on west
side of White Reef.

Buckeye (3 stamps). 1877 - June 1879 South of Leeds, west of
U. S. Highway 91,

Barbee & Walker March 1878 - June 1878 On east side of White

(5 stamps). February 1880-1898 Reef,

1902-1908 (intermittently)
Christy (5 stamps) January 1878 - March 1889 Between Buckeye and
White Reefs, near ruins
of the town of Silver Reef,
Stormont (10 stamps) January 1878 - March 1887 On Virgin River.
The tailings from .. Stormont mill washed down the Virgin River; the

three sizable tailings dumps remaining today are the Leeds, the Barbee &

Walker, and the Christy dumps.

Reconnaissance for radiocactivity of every sizable tailings dump and
mipe dump in the area disclosed no abnormal radiocactivity other than
that shown by the few specimens containing uranium minerals (tables 5
and 6). One mine dump and one tailings dump were bulk‘sampled to
determine average grade;, with these results:

Maud mine dump (table 7) . . . . . . . 0,007 percent U

Christy Mill tailings dump . - - - - o 0.009 percent U
(Stugard, 1951)

The uranium content of the Christy Mill dump is regarded as about
the maximum grade expectable from mine or tailings dumps in the district,

and the grade is being constantly diminished by natural leaching.
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Origin of thg_oqgs

Three possible modes of origin have been considered for the
uranium ores at Silver Reef:

1) detrital (syngenetic)

2) volcanic debris (syngenetic)

3) hydrothermal (epigenetic)

Minerals containing uranium and vanadium occur aleong certain
fractures and faults and coat fossil casts found along bedding planes
of some fine-grained sandstones and shales. The uranium-vanadium and
zvsilve: deposits are so similar in mode of occurrence that much that
has been previously written about the origin of the silver deposits
should be considered in regard to uranium and vanadium.

Butler et al., (1920, pp. 155, 593) summarized the earlier theories
of origin for the Silver Reef deposits., Butler cites the hypothesis of
,Newberryy_that the silver, copper, uranium, vanadium, and selenium
miﬁerals were deposited with the sandstone from water and precipitated
by the reducing action of decaying plant deb;iso Support for this
hypothesis'wangd when the silver ores were found to decrease in depth,
and to be discontinuous on the same stratigraphic horizons. In contrast
to Newberry’s hypothesis, a hydrothermal origin of the metallic minerals
was proposed by Rolker, Maynard, Rothwellﬁ and Cozin, although no
intrusive igneous rock was identified as a source.

.Ball (1920, p. 48) proposed that the Triassic Chinle formation
was folded and faulted in mid-Tertiary time, and that circulating waters

deposited chalcocite and probably argentite in middle or late Tertiary time.
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‘The mineral bearing waters, Ball-believeds probably were artesian, and
deposited the metallic minerals while ascending through the "reefs"™ and
along fractures., Erosion of the rocks at the surface later altered the
original ore minerals into cerargyrite, malachite, and azurite,

Procter (1949, p. 112 concluded that the metal content of the rocks
was originally laid down in tuffs in the Chinle formation. These metals
he be}?eves!were transported to the Silver Reef area and deposited there
by Tfiassic streams which eroded the tuffs. The metals were transported
either in diss¢1ved form or as detritus, or both., The concentration of
the metals. in their present form then tock place by the action of c'::"Lr"cu;=
lating waters and the precipitating effect of plant remains in the
sediments, This hypothesis would suggest the Triassic stream channels -
as a loci of ore mineral deposition; for that reason the Proctor
geologic map (1949, pl. 2) indicates directions of the Triassic stream
 flow (inferred from the truncated foreset beds of sandstone) at various
localities,

The writer (Stugard, 1952) proposes a hydrothermal origin in Tertiary
time for the silver, copper, uranium, vanadium, and selenium in the
Silver Reef district. This is largely based upon a reinterpretation of
nearby Pine Valley Mountain as a laccolithic intrusive; at the time of
Proctor's work Pine Valley Mountain was considered a series of lava flows.

Granitic porphyry (rhyodacite) boulders litter the landscape in the
Silver Rezf district. These boulders have been considered to be trans-
ported debris>from eroded lava flows by some, but the writer considers
the porphyry boulders to be intrusive in origin and let down in place

by weathering. The boulders are the same rock type as that in the c¢liffs
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of Pine Valley Mountain, several miles to the northwest (fig. 1). On the
basis of preliminary thin-section studies the boulders of igneous rock

from Pine Valley Mountain appear to be rhyodacite porphyry. The porphyritic
fabric does not show flow structures such as might be expected in lava
flows. The upper part of the igneous cliffs is lighter colored than

the lower part, giving a suggestion of crystal settling during magmatic
differentiation., The single-tier columnar jointing of the rhyodacite
porphyry is clearly discernible, A geologic study of Pine Valley Mountain
is needed before the intrusive origin of the porphyry can be proved,
however,

In brief, the rhyodacite porphyry mass is probably an erosional
remnant of a post-Wasatch laccolith related to the "Pine Valley syn-
cline® structure in the Wasatch beds (Dobbin, 1939, p. 137 and fig. 2)
that underlie the porphyry. A laccolithic habit characterizes in-
trusives in nearby areas, The original roof of the intrusive is not

evident nor has a feeder channel for an intrusive been proven /.

G/ During preparation of this report. a study has appeared
supporting the laccolithic origin of Pine Valley Mountain: Cook, E. F.,
The Pine Valley laccolith, Washington County, Utah, talk before the

Rocky Mountain Section, Geol. Soc. America, Butte, Montana, May 8, 1953.

On the basis of existing evidence, however, it is suggested (Stugard,
1952) that hydrothermal solutions from the consolidating rhyodacite
porphyry deposited silver, uranium, vanadium, copper; and selenium

minerals, which were subsequently oxidized and locally redeposited.
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The process of hydrothermal deposition was probably penecontemporaneous
with formation of the Virgin anticline, Later redistribution of
volborthite, and to a lesser degree of carnotite, has taken place along
late joints. |

The possibility of a hydrothermal origin for the silver and uranium-
vanadium deposits is supported bys

1) gccounts of chalcocite; covellite, and pyrite in the lower parts
of the silver mines; 2) the occurrence in the now abandoned mines of
many areas of whitened sandstone, which may represent hydrothermally
bleached rocks reported to have contained silver ore, 3) the widespread,
but spotty , occurrences of ore minerals at one end of an anticlinal
structure; 4) the association of minor quantities of selenium (trace to
226 ppm; Stugard, 1951), and gold with the silver deposits (cf. Requa
mine, this report); and 5) the probability that intrusive igneous rock
is present at Pine Valley Mountain in T. 39 S., R. 14 W,

No detrital shapes were observed in the silver and uranium-vanadium
minera139 which, if originally detrital, have all been oxidized to their
present composition and redistributed. No clear cut evidence of ore
localization along stream chanﬁelways has been discovered by exploration
to date. The solubility of uranium compounds is unfavorable for the
concentration of urgnium by Triassic streams. The confinement of metallic
déposits to the nose of the Virgin anticline probably indicates a relation-
ship of the deposits to structure which is more than fortuitous; if, as
seems reasonably certain, the deposits‘are younger than some of the de-
formation of the rocks, the possibility of ore deposition being simul-

taneous with deposition of the sandstones can be ruled out,
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ﬁ}The possibility of a volcanic origin of the deposits seems remote
to the present writer, because of absence of clear evidence of volcanic
activity when the sandstones were laid down. No shards have been found
by the writer in the Chinle formation cla}s (table 6) to suggest Triassic
volcanism., The bentonitic clay identified by Proctor is stratigraphically
and topographically below the sandstones in which the metallic ores have
been found; volcanic activity at that level must have antedated the ores
by a considerable length of time, Recent basaltic lavas cap the mesas
- east of the Hurricane fault and make up part of the present topography
along East Reef; thesé basalts are not accompanied by ore deposits of

any kind.
CONCLUSIONS

Geologic conditions in the Silver Reef district are such that
urdnium ore can be produced only by the selsctive mining of small
lenses of ore-bearing sandstones and shales. The ore has been found to
déte only at shallow depths analogous to ‘the silver deposits, which were
noted to decrease in richness with depth., The occurrence of uranium
minerals on fracture surfaces at some distance from the main ore-bear-
ing pods is expectable in view of the mobility of uranium compounds;
no such redistribution was shown by the silver minerals during mining.

The lithology of the-reef=forming Chinle sandstones is so variable
that an individual bed can rarely be traced for a quarter of a mile,
Therefore, favorable ground for prospecting can only be projected for
short distances from any ore bodies discovered in future., Detailed
exploration is needed in advance of mining operations to reduce the

tonnage of waste rock removed.
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Known ore deposits on Pumpkin Point may be shown to extend west-
.:vﬁard under Big Hill by further exploration in that area. This is the
T :most favorable area for exploration in the Silver Reef district. DiSm
vcovery of uranium ore bodies in the exposed rock on Tecumseh Hill, White
Reef, or East Reef is unlikely., While concealed deposits may exist in
buried segments of tﬁe reefs, there is no feasible method of subsurface pro-
specting to locate such deposits beneath hundreds of feet of colluvium,
+ Known pods of uranium oré in the Vanderbilt mine and Leeds Uranium
ﬁine-may also be duplicated by detailed exploration or development,
and resulting discoveries in those areas, The area of possible ore de-
posits in these areas is somewhat more limited than the Pumpkin Point-
Big Hill area, because of the closer spacing of high-angle faults.,

The drill cores indicate that there is little chance of successful
exploration below the sandstones, that is;, in siltstones or mudstone
5eds of the Chinle formation. The core drilling in 1951 disclosed the
lithology around Pumpkin Point sufficiently so as to provide a perma-
ment record of the strata and to show the difficulty of lithologic
correlation over even short distances., The difficulties encountered in
sinking diamond drill holes through boulder alluvium do not encourage
further diamond drilli_ng° Difficulty in obtaining permission to use
ditch water for drilling opérations during the long irrigation season
also discoﬁrages further use of diamond drilling in the district.
Diamond drilling is valuable to prospect for favorable 1ithology_around
uranium deposits in the district, as was done in 1951, and may disclose
ore deposits, although this type of drilling is not suitable to block

out ore bodies of the very&émall size encountered at Silver Reef,
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The only development work on uranium ore bodies undertaken to
date at Silver Reef by Western Gold Mines, Inc. indicates that
wagon drilling is a suitable means of developing ore bodies after
their discovery by other methods, Because the uranium deposits étv
Silver Reef are so shallow as to be above the water table, wagon drill-
ing can be used on any uranium ore body in the district. This drilling
method does not need water, which is a big advantage where the ditch
water is always in short supply. The low cost per foot of wagon drill-
ing is suitable for a close grid of drill holes to outline the small
ore bodies, provided the hole is in outcrop., Wagon drilling methods
are being rapidly improved at this time (Huleatt, 1952).

Logging of radicactivity of drill holes is equally applicable to
diamond drill holes or to wagon drill holes, and locates the ore-bear-
ing stratum exactly. Small Geiger-Mueller equipment can easily be

used on shallow holes,
SUGGESTIONS FOR PROSPECTING

Cutside the Silver Reef district, it is recommended that uranium
prospecting be privately carried on by interested persons in #he Chinle
formation east of the Hurricane fault and in the Cenozoic formations
in contact with the Pine Vélley Mountain intrusive, until cheaper sub-
surface prospecting methods make it possible to explore below the
flats within the Silver Reef district. A Geigerwﬂneller or scintilla-
tion counter should also be carried along the less accessible parts.

. of the Shinarump conglomerate outcrop which have not been completely

prospected.
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Within the Silver Reef district, wagon drilling on a 20-foot
grid, or closer spacing, may result in the discovery of small pods of
ore around the known deposits at the Leeds uranium mine, the Vanderbilt
mine, and westward from Pumpkin Point, Wherever ore is discovered, a

5-foot grid should be drilled, as the present operators are doing.
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Part I1
RECOMMENDAT IONS

The Silver Reef district may in the future produce an additional
quantity of uranium roughly equal to that already produced, This uraniug
would probably come from small lots of hand-sorted ore produced by NP S,
labor, The possibility of the district supporting sustained uranium mining
operations is exceedingly remote aithough hand specimens of marketable grade
may be submitted from time to time, It is, therefore, recommended that no
fﬁrther government exploration be done in the Silver Reef district, unless the
development work being done with the Atomiec Energy Commission loan should
disclose some ore bodiés of hearly commersial size, This recommendation is
doubly true of reopening abandoned silver minesg not. only because thesprospect
of ore discovery is remote_bﬁt because 6f the almost certain presence of un= .
mapped, abandoned workings,

The only conditions énder which further govermment participation or
government loans for further work in the Silver Reef district ought to be
considered are:

1) Private discovery of nearly commercial sized ore bodies, 2) exposure
of hitherto concealed, dropped blocks of the reef-making sandston§ by the
efforts of commercial companies, 3) future development of a relatively
: inexpensive method for prospecting sandstone for concealed uranium deﬁosits
under alluvial cover of 500 feet or more,

In connection with 2), it should be noted that faulting is only one
possible cause for the disappearanee of the reefs toward the south, Both

East Reef and White Reef can be traced several miles southward, at which
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locations the reefs are only 5 to 10 feet thick, Thus, the disappearance
of the reefs is probably caused by elimination of reef-making sediments
across an abrupt facies change,

Any new uranium discoveries at Silver Reef should be examined whenever
a government geologist is available, Private development work in the
distriect should be followed and geological study made of newly disclosed
ore occurrences,

The best chance of further uranium production lies in development work
around the areas already mined for uranium on Pumpkin Point, The development
work required to search for possible extensions of the mined-out ore shoots
is of such a small scale that amy interested private concern could reasonably
be expected to carry out the development, Early in 1953, this developmen£
work was apparently being completed by Western Gold Mines, Inc,, and the

available uranium and vanadium mostly taken out,
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